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ABSTRACT

12 -~
Histone acetyl-transferases (HATs) seem to be key 10267
elements in the regulation of transcription. We have
designed an enzymatic assay to quantify HAT enzymatic
activity. In this assay, the substrate is a peptide
corresponding to the 24 first amino acids of histone H4
which is coupled to biotin. After acetylation using
[14CJacetyl-CoA, the peptide is purified on streptavidin
beads and the associated radioactivity is measured.
This assay is sensitive, rapid and convenient.

10 -

Incorporated radioactivity (cpm x 10-3)

58 88 81 59

Histone acetyl-transferases (HATs) and histone deacetylases

appear to play a major role in the control of gene expressié ( Protein  G8T G i S o ooF
In particular, some transcriptional co-repressors are associated 1-1890

with histone deacetylasegl-g), and several transcriptional
c_o-activators are HATS{11). HAT gctivity can be detected Fiaure 1 icitv of th DNAS of interest were cloned into th
vitro by three Q|ﬁerent assays. an 'n'_gel_acetyl'tranSferase ass elilgnt pé%e)g—zgrti//e?:tc:r ?Pizsrerﬁlacﬁa). DZtgiIs é? ceosr:strﬁc?iocng efrccje a\t/(;iltak?le
allows the rapid molecular characterisation of the enzyfr#s ( upon request. Recombinant GST proteins were expressed and purified as
another assay, in which the histone substrate is acetylated witéported by Kaeliret al (14), with minor modifications. GST-CBP (5 pmol;
[ “Clacetyl Con requires the resoluon of the labeled product g B e oy, v eoored
by SD.S_.PAGE’ a procedure WhICh !S time Consumln.g and .poorlgdioactivity is shown. Numbers on top of the bars sho%/l\yl the results in Fc].p.m.
guantitative {0,11); finally, HAT activity can be quantified using
a filter binding assay, in which the radioactivity transferred to
histones is measured after adsorption onto a phosphocellulldcS&T-CBP fusion protein (GST) or other recombinant fusion
filter (12,13). In this paper, we describe a rapid HAT assay whiclproteins (GST-SAP1A, GST-SRF and GST-E12) were used,
is quantitative, sensitive and shows a high signal-to-noise ratigndicating that the retained radioactivity does not reflect a
A synthetic peptide corresponding to the first 24 amino acidson-specific adsorption.
of histone H4 (sequence SGRGKGGKGLGKGGAKRHRKVLR) In order to assess the linearity of the response, samples
was coupled through a GSGS linker sequence to a biotaontaining cellular CBP immunoprecipitated from increasing
molecule. This peptide was used as a substrate in a HAT assaymbers of cells were assayed. In the range tested, the dose
Note that in order to broaden the range of detected enzymat&sponse was linear (FB). Finally, we compared this assay with
activities, a mixture of peptides corresponding to all four coréhe other quantitative assay for HAT activity, the classical filter
histone tails could be used. After incubation in the presence binding assay in which a mixture of histones were used (Table
[1Clacetyl-CoA and a source of enzyme, the radiolabelle@hree distinct samples containing immunoprecipitated cellular
peptide was specifically retained on beads covered with streptaviddBP were compared in the two assays. For all samples, the
which were subsequently counted in a liquid scintillation countesignal-to-noise ratio was dramatically higher with the peptide—
A significant amount of radioactivity was incorporated into thebiotin conjugate than with the filter binding assay. Note that when
peptide and retained on the beads when bacterially productig: peptide was used as a substrate in filter binding assays insteac
recombinant CBP1(0,11) was used as a source of HAT enzymeof the histones, a good signal-to-noise ratio was also obtained,
(Fig. 1, GST-CBP, 1-1890). In contrast, very low counts weravith only a 2-fold decrease in the sensitivity, as compared to the
retained when similar amounts of the GST moiety of thassay using the beads (data not shown). However, only the use of

*To whom correspondence should be addressed. Tel: +33 1 49 58 33 85; Fax: +33 1 49 58 33 07; Email: ahbellan@vijf.cnrs.fr
*Present address: LBME, UPR 9006 CNRS, 118 Route de Narbonne, 31062 Toulouse, France



3870 Nucleic Acids Research, 1998, Vol. 26, No. 16

recipient of a travel award from the Colombian Government
%9 e (Colcencias). The authors wish to thank Chiron for their help in
20 the design and the synthesis of the peptide and Linda L. Pritchard

for critical reading of the manuscript.
15 - . I
Table 1.Comparison between two quantitative HAT assays

Incorporated radioactivity (cpm x 10-3)

10 -
0 Experiment Sample Biotinylated peptide  Filter binding assay
5 assay (c.p.nd) (c.p.mp
1 Irrelevan® 273 876
T T ! T N Samplé 17250 (639 1631 (1.9)
1 2 3 4 5
Cell number x 10-5 2 Irrelevang 507 3 467
Sample 1 57 653  (113.7) 11500 (3.3)
Figure 2. Linearity of the assay. CBP was immunoprecipitated from the Sample 2 64022 (126.3) 13074 (3.7)

indicated number of NIH3T3 cells, using standard procedures with the A-22

anti-CBP antibody (Santa Cruz): beads were washed twice with RIPA buffer-

%52ngﬂDglslw1-|M7§b%§%::j’\g 2‘&%& ﬁ‘;ﬂ} glrz;gg‘sg}i?b?t%?lsuargodeic:ﬁg:g]lagﬁd The same immunoprecipitated samples were tested using the biotinylated peptide or
1% , ! P ; f :

three times with HAT buffer (50 mM Tris pH 7.5, 1 mM EDTA and protease gl]r? f"rtergtmi;nrg;zzac){i’vﬁsmg a mixture of histones.

inhibitors). Immunoprecipitates were used in a HAT assay: the H4 biotinylated, corporated | y- .

peptide was purchased from Chiron (synthesis protocol available upon !'"elevant antibody (anti-HA epitope).

request); the peptide (30V final) was mixed with samples containing the ~°Anti-CBP antibodies.

enzymes immobilised on beads in [B0of HAT buffer supplemented with  9Signal-to-noise ratio between brackets.

100 nCi of f4Clacetyl-CoA (63 mCi/mmol, ICN) and incubated af GOfor €rrelevant antibody (anti-myogenin).

45 min. After centrifugation, supernatants were incubated in HAT buffer

(500p1) with 10 pl of pre-washed streptavidin—agarose beads (Sigma) for 20 min

at 4°C on a rotating wheel, beads were washed twice with RIPA buffer, mixed

with 2 ml of scintillation liquid (Hionic, Packard) and counted usifigaunter ~ REFERENCES

(LKB). The filter binding assay was performed as described in (10).

Sample 3 74910 (147.7) 14 465 (4.2)

1 Turner,B.M. (1991). Cell Sci, 99, 13-20.
2 Roth,S.Y. and Allis,C.D. (199&ell, 87, 5-8.
- . ) 3 Wolffe,A.P. and Pruss,D. (1996kll, 84, 817-819.
the biotin—streptavidin system allows the direct measurement of

- ! Taunton,J., Hassig,C.A. and Schreiber,S.L. (19e@nce272 408-411.
HAT activity from whole cell lysates, results of which would be 5 Hassig,C.A., Fleischer,T.C., Billin,A.N., Schreiber,S.L. and Ayer,D.E.

difficult to interpret using the filter binding assay. Furthermore, the6 %997)Cﬁ!'5891|_34&—3é‘73 ~ Nacuibneval. RobinP. Lorain.s
. PRT] . . H agnagni-Jaulin,L., Groisman,R., Naguibneva,l., Robin,F., Lorain,s.,
assay using the streptawdln beads IS m'ore.rapld and Conyenlent' Le Villain,J.P., Troalen,F., Trouche,D. and Harel-Bellan,A. (1998)
In conclusion, this assay is quantitative and sensitive. In

.. e - Nature 391, 601-605.
addition, the same principle could also be applied to measure Brehm,A., Miska,E.A., McCance,D.J., Reid,J.L., Bannister,A.J. and

histone deacetylase activities. Kouzarides,T. (1998)aturg 391, 597-601.

8 Luo,R.X., Postigo,A.A. and Dean,D.C. (19€R)ll, 92, 463-473.

9 Brownell,J.E., Zhou,J., Ranalli,T., Kobayashi,R., Edmondson,D.G.,
ACKNOWLEDGEMENTS

Roth,S.Y. and Allis,C.D. (1996ell, 84, 843-851.

. . . 10 Bannister,A.J. and Kouzarides, T. (198@Yure 384 641-643.
This work was supported _by grants from the L'QU_e ,Nanona'Ql Ogryzko,V.V., Schiltz,R.L., Russanova,V., Howard,B.H. and Nakatani,Y.
contre le Cancer, the Comité de I'Essone, the Comité du Val de (1996)Cell, 87, 953-959.

Marne, the Comité des Yvelines of the Ligue Nationale contre & gégwngggéE- and Allis,C.D. (199%¥oc. Natl Acad. Sci. USA2,
Cancer and from the Association pour la Recherche sur le Cancgy. 4—6368.

. . 2 Horiuchi,K. and Fujimoto,D. (197%)nal. Biochem 69, 491-496.
S.A. was a recipient of a fellowship from the Comité de lg, ) 1973)

R ] ! Kaelin,W.G., Pallas,D.C., DeCaprio,J.A., Kaye,F. and Livingston,D.M.
Haute-Sadne of the Ligue Nationale contre le Cancer. S.R. was a (1991)Cell, 64, 521-532.



